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(57) Abstract 

A medical valve device for use in selectively establishing a fluid flow between first and second medical implements is disclosed. The 
valve has a body defining a passage from a first port to a second port The valve defines a fist fluid volume when both medical implements 
are connected thereto, and a second, smaller volume when one of the implements is disconnected, ttsereby causing a positive flow of fluid 
from die valve to die second medical implement when die first implement is disconnected. 
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MEDICAL VALVE WITH POSITIVE FLOW CHARACTEmSTICS 

Rrid of the Invention 

This mvention relates generaHy to a medicai vahre, and in particular to a valve which* when connected between a 
first medical rnifdement, such as a fUdd source, and a second medical implmnent such as a cathetra^, facilitates f hod flow 
5 therebetwem. and when the first medical implonent is disconnected therefrom, imluces a positive flow of fluid through the 
vahre in the direction of the second medical implonent 

Backoround of the Invention 

The manipulation of fluids for paroiteral aibntnistration in hospitals and mecfical settings routinely invohres the 
use of connectore and valves for selectively facflitating the movement of fluids betwe«i two points. These vahres are 
10 typically placed along a fluid flow line leading to a patient or other destmation. For example, tiie tube may lead to a 
catheter having its tip positioned withm a patient 

The vahre is arranged so that a fluid source or other line may be connected thereto for providing a fluid flow from 
the source to the patient Wimn the fluid source or line is removed, the valve closes, sealing the line leading to the patient. 

The element which is cormected to the vahre may comprise a tube or other medicai nnptenwnt such as a conduit, 
1 S syringe, IV set (both peripheral and central lines), piggyback line, or simQar component which is adapted for connection to 
the nradtcal valve. Unfortunately, prior art vahres suffer from a problem arising from the disconnection of these medical 
implements from the vahre. 

These vahres defme a space witfim them through winch a fhad or other material may flow from the implement to 
tiie fine on which the vahre is mounted. When the meifical implement is connected to tim vahre, it typh»Hy occupies a 
20 portion of tins internal vahre space, ifispladng the f had (whether it be a liquid or air) witiim the vahre. 

A problem arises when the medicai implemem b disconnect«I from the vahre. When the implonent is 
disconnected, it no longer occupies a portion of the space in the valve. The increase in space within the valve results m the 
fluid in the vahre and line to virhich the v^ is connected moving to fill the space. In effect the removal of the implement 
creates a suction force which draws fluid into the valve. 
25 In the medical settmg, this movement of f had is very undesirable. When the vahre is connected to a fluid line 

leading to a patient the movement of flirid through the line towards the space in the vahre has the effect of drawing Uood 
from the patioit in the direction of the vahre. A serious problem may result in that this Uood may clot and clog the 
catheter near its tip, rendering it moperaUe, and may even result in a dot of btood in the patient which may prove fatal. 

One attempt at ovmoming this clogging problem has been to coat the inner surface of the catheter near its tip in 
30 order to prev«it blood from stiddiq to its imerior surfaces. This method has generally been unsuccessful in preventing 
^ clogging of the catheter. 

r) The risk of blood ctogging of the catheter is significantly heightened where the inner diameter of the catheter is 

small (e.g., 27 gauge). These smaD cathetere have the edvantage, however, that they reduce the trauma and discomfort 
caused by insmion mto a patient Because these catheters have a very small passage theretiirough, even a smaB suction 
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ft^ may draw suffudem amomrt fluid l«* to^^ 
tip, which Wood may dog tha cathatw's psisaoa. 

OvarcominB tha abova-atattd pmbtan is m«la nmr. difficult whan con»daring othar criteria which tha ^ 
mpsts^isfy. Foraxamplo.th.«d«*««b.»r.n,«ltosothatitdoasnotha««wfl^ "^a*""" 
5 i,rita«dto«agnatainonaornu«a««rfthavah«^bacta^ 

h addition, tha vrfw should ha« an imanial flow path whic^ Sh«p edgas and comar, may danw^p 

blood cells and cause hemoiyns. 

A vahre which overcomes the above-stated problems is desired. 

^laninarv of th e Invention 
h accordance with tha prasam inv«rtion tham is pro^a^ 
madlcalimpl-nams. Tha wh* of ti» inw«tio« has ««aral fe«un», ^ 

desirable attribiites. 

Most importantiy. tha vah« is arrangad to pmvida a positte 

ofth.«i«.sopposadtointothe«d«)whano«arfth.madica.ln^ Atthesama 
tima.tha»ahr.issrfe.raiahl.a«dcapahl.dbah,BUsad«^ 

Mghprasuiaapplicathms. 

Tha »ah« d the prasam invantian Is particularly suitad to 
imph^ comprises a crthetarh^nnB its tip pesW^^^ l„ , p«far,ad omhodimant the second medical 

implement comprises a fluid source having a cowwtor for connection to the wahe. 

Tl« »ah« the presem invention has a fluid space which exp^ 
imphmH«tandcontr««up«.disconnactionofto when the vaWe is connected to a catheter. 

dl«««««lan of ti,e second medtad impiamam cre«as . positive ftow from the vah« to the catheter tip upon 
dbcom-ction of ti» medicd imptamant to mroid ti» potential proUams of Wood-clogging. The valve is particulariy surted 
for ^MHkations witi. a catiieu^ where it is de«rabla to 

hefarahly. the valve inchides e housing «iq>ti>d for connection to a first medical implement and a second 
madkad implement The valve defines . fluid space ti-rein. «,d includes means for mcreasmg the fluid space whan ti,e 
««md mescal implamant is co««cted. and for decreasing ti« f h«d space when ti» second medical implement .s 
discom-rted. M«msarealsoprefar.hlyprovidadforddiningafluidpati,to^^ 
m cwmectad thereto, and ftir closing tiie fluid pati. whan tiie secoml medical implemem is disconnected. 

Furtiiar objections, features ami advamagas of the present invention over the prior art wiU become appareM from 
the detailed description of tiw drawings which foHows. whan considemdwi^ 


20 


25 


30 


-2- 


wo 99/58186 PCT/US99/I0713 

HBURE 1 niustrates a valve in accordance whh the present invoitton as used to selectivdy provide fbiU from a 
fluid source connoted to a fluid Ene teaffing to a catheter which is inserted into a patient; 

FIGURE 2 is a plan vnw of a housing of the vahre in accordance with a first embodiment of the present invention; 
FIGURE 3 is a top view of the housing Slustrated m Figure 2; 
5 H6URE 4 is a side view of tiie housing tDustrated in Figure 2; 

RGURE S is en end vtew of the housmg Bhstrated bi Fqure 2; 

HGURE 6 is a cross-sectional side view of the housing Slustrated in Figure 2 and taken aloi^ Bne 6-6 tiierein; 
HGURE 7 is a perspective view of the vahre in accordance with the first embodinient of the present mention; 
RGURE 8 is a top view of the valve ihistrated in Rgive 7; 
1 0 FIGURE 9 is a first end view of the vahre Bbistrated in Figure 7; 

RGURE 10 b an opposite end view of the valve flhistrated in Figure 9; 

RGURE 1 1 is a cross-sectional view of tiie vahre Uhistrated in Hgure 7. taken along fine 1 M 1 therein iHustrating 
a piston of the valve in an uncompressed position; 

RGURE 12 is a cross-sectional view of the vahre as Ohistrated in Rgure 11, with the piston in a second or 
1 5 compressed position utSzing the tip of a medical in^riement; 

RGURE 1 3 is a perspective view of the piston of the vahre of the firet embodiment of the present invention; 
RGURE 14 is a top view of the inston illustrated in Figure 13; 
RGURE 15 is s side view of the piston Bhistrated in Fqure 13; 

RGURE 16 is a cross-sectionai side view of the piston ilhistrated in Hgure 14, taken dong fine 16-16 therein; 
20 RGURE 17 is an end view of the piston Uustrated in Rgure 14; 

HGURE 18 is s cross-sectional side view of a vahre ni accordance with a second embodiment of the present 
invention, iDustrating a piston of the valve in e first position; 

HGURE 19 is a cross-sectional side view of the valve as ihistrated in Figure 18, widi tiie piston in e second 


25 HGURE 20 is a cross-sectional side view of a vahre in accordance with a third emboifiment of the present 

invention, ahistrating a piston of the valve in a first position; 

FIGURE 21 is a cross-sectional side view of die vahre as ifiustrated in Figure 20, widi die piston in a second 

position; 

FIGURE 22 is a cross-sectional side view of a vahre m accordance with a fourth embodiment of the present 
30 invention, iOustrating a piston of the vahre in a first position; 

RGURE 23 is a cross-sectional side view of the vahre as ahistrated in Hgure 22, widi the piston in a second 

positioa* 

RGURE 24 is a cross-sectional side view of a vahre in accordance with a fifth embodiment of the present 
invention, Blustrating a pair of pstons of the vahre in a first position; 
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FIGURE 25 » a cro».«««i««- .id- v«« of tte V-.. as ^ 

"^"^ FIGURE 26 is a o-ss-smrtional rida «ew of a valve in accontanc with a sixth embodiment of the pr.s«n 
invention, illustrating a piston of the wahe in BfiBt position: 

FIGURE 27 is a cr.s«««ional side view of the valve 

FIGURE 28 is a cros*«««io«d side view of a valve in ecconlanc. with a seventh embodiment of the pies-tt 
im«ition,lustrating a piston of the valve In a first position; 

HGURE 29 is a cross-^-aion- side vie* of the velv. as il^ 

RGURE30isacros^««tionalsldeviewofavalv.in«x^ 
imfention,illustratinoan«Tientelamertrfthevahfeinafirstposi^ 

HGURE 31 is a cnm-sm^ional side view of the valve as il^ 

FIGURE 32 IS a croswectiomd side view of a val« 
invention. PhistratinB a seal of the vahe in a first position; 


position; 


, luusuauim . ,- 

FIGURE 33 b a cross-sectiomd «de View Of the vah« as il^ 

FIGURE 34 is a croswectiomd side vi«« of a vahre in ac^ 
inventioa illiistratinB a diaphragm Of the vehrn in a first position: 

RGURE35«aaos^secti«u-sidev«»ofthevahreasilto^^ 

position; 

nGURE36isapersp«rtmiviewof.vah»in accordance v«the^ 
HGURE 37 is a top view of the vah« fflustrated in Figure 36; 
FIGURE 38 is a crnss-aectiomd view d the valve ill^ 

ifcistratiiig a piston of the vahe in a first position 

HGURE 39 is a cros^smrtiomd view d the valve ilustr^ 

yiustrating the piston of the vrivB m a second position; 

FIGURE 40 isaperspecthw view ofahousingdthe valve illustrated in Figure 36^ 

) RGURE 41 be top view of the housing mustrated in Figure 40; 

FIGURE 42becros^sectionalvi««dthe housing inustrated in Fi9ur.41tate^ 

FIGURE 43bacro»^aectio«alviBwrfthe housing ilustrated 
HGURE 44 b a perspective view of the pbton of the valve; 
HGURE 45 b a top view of the pbton HhistratBd in Figure 44; 
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H6URE 46 is a side view of the piston Blustrated in Rgure 44; 
RGURE 47 is a second side view of the piston iihstratad in Figiffe 44; 

RGURE 48 is a cross-sectional view of the piston iDustrated in Figure 46 taken along line 4848 therein; 

H6URE 49 is a cross*sectional view of a vahre in accordance with a twelfth embodonent of the present 
5 invention, Siustrated with a seel thereof In a first position; 

RGURE 50 is a cross-sectional view of the vahre fflustrated ni Figure 49 with the seal in a second position; 

RGURE 51 is a cross-sectional view of a vahre in eccordance with a thirteenth emboifiment of the present 
invention, ahjstrated with a seal thereof in a first position; and 

RGURE 52 is a cross-sectional view of the velve illustrated in Figure 51 with the seal in a second position. 
10 Detailed Descrmtinn of the Preferred Embodiments 

Hgiffes 1-17 illustrate a valve 20 in accordance with a first embodiment of the present invention. Hgure 1 
illustrates a particular use of the valve 20 to which the v^ 20 is well suited. Of course, the vahre 20 may be used bi a 
variety of other marmers. 

As iHustrated in Rgure 1, the valve 20 may adventageously be used to selecthrely control the flow of fluid to a 
1 5 catheter 22 from a fluid source 24 such as an I.V. bag. In tids arrangement a first medical implement 21 is connected to 

the vahre 20. The first medical impiemoit 21 comprises a tube 23 leading to a catheter 22. One end of the tute 23 is 

connected to the vahre 20, end the catheter 22 has its tip positioned in a patient 

A second medical implement 26 is also coimect«l to the valve 20. The second medicel implement 26 comprises 

a connecting nnennber 27 positioned at one end of a tube 29 which bads to the I.V. bag 24. 
20 When so connected, the valve 20 permits fluid to flow from the LV. bag 24 or other medical fluid source to the 

catheter 22 and nito tiie patient The vahre 20 is ebo arranged so tiiat when the second meifical bnptamnit 26 is 

disconnected, fluid flow through the vahre 20 is prevented, h aifafition, when the second medicd implement 26 is 

disconnected, tiie valve 20 generates e "positive" flunl flow, i.e. flow of fluid in the direction of the patient thereby 

preventing blood dogging of the catheter 2Z 
25 The first embodiment of the valve 20 of the present bnrention will now be described in more detail As ilustrated 

in Figures 2-6, the valve 20 inchides a housing 28. The housmg 28 is generally T'-shaped, having a main portion witii a 

first end 30 definbq a first port 31 and having an opposmg closed second end 32. 

A branch 33 extends outwardly from the main portion of the housmg 28. The braich 33 hes e third end 34 

defining a second or branch port 35. (See Figure 7.) 
30 Referring to Rgure 6, a main passage 36 is defined by en inner surface of a wall of tiie houmg 28, and extends 

from the first end 30 to the second end 32 thereof. In addition, a branch passage 38 extends from tiie main passage 36 

through the branch port to the third end 34. 

As stated above, the second end 32 of the housing 28 is dosed. Preferably, an end cap 40 is positionnt m the 

second end 32 of the housing 28. 
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Excepting tte branch portion 33. the hou«« 28 IS ge^^ 
30 of the housing 28 is adapted to mcoiv. th. c«»«.la tip or nose 37 of an ANSI 

IZ AS such thepassaBo36atthefiritendhasad«m««erlanierthanthonos8ofte ltls.how««r. 
contenvlated that the dfann^er of the passage 36 can be of any Size to acM^ 

devices thereto. 

Preferably.maansarBproridedforlocldngthemedicali^ 
preferred emhodlmem. th,«ub 44 «. positioned «, to 

engaBen«m«lthth,eadsontl»con««:t«27.fthes«»««m«^^ Other toddng means known to those 

skilled in the art may be used instead of the threads 44. 

As the main passage 36 b generally cyindrical the emJ cap 40 is genen^ The cap 40 engages the 

wall of the housing 28 at the second emi 32 to ctose the pas«Ke. The end cap 40 preferably inctades an outwardly 
Brtendin9tab46onits peripheral edge for ««agi^ 

end cap 40 in place. . 
For reasons deserted in more detail bahn.. the dfem««er of the pM^ 

15 is smaler than that at the second mid 32. As llk«trat«l, the passage 36 narrows M«inB in a 

t.wardstheflrsle«d3Z30»m«wher.thebra«*passage38ext^ In addition, the main 

passage 36 «««««s again beymrf the bram* passage 38 near the fto 

that point where tiie main passage 36 narrows near the first emi 32. 

Aslltastrated«Figures11a«ll2.api»ton42isslidabiyp«^ ^^'^ 
20 RBores13-17.thepi«on42isB««rallycyfi«hicalhmri^ 

,hemaximumdiameterofthepassag.36. The piston 42 has a first ««l 50 and. secmul ami 52 ami a length from e^^ 

emI which is less than the dBtam» from the first end 30 to the secomi end 32rftheh«^ 

Thepiston42hasahBad54atitsfirstBml5a As Ihistrated. the head 54 b circular in outer shape, but has a 

slanted emI surface S& A «k* 58 e«e«b from the head 54 to a body 60. The ««k 58 preferably has a reduced 
25 dlameterascomparedtoti«h«d54. An "0-^67 or similar seal is positio«.d«»u«l the redm«ldi^^ 

angagament with the adjacent waB of the housing 28. 

A first portion of the body 60 mljacent ti« «,ck 58 has a smelter diameter than a second portion of the body 60 

positiomKlm«rerti»seco«le«l52. The transition between these two sections creates a shouMer 62. The shoulder 62 

is arrangedto engage ti«tedg.48inth.p.s«fle36 of ti« housing. pr«««^ 

30 30 of the housing 28. 

A pair of elongate cut^ or depressions 64 ere f omied on opposite sides (i.e. 1 80 degrees from one another) m 
the second portion of tiie body 60 of ti» pistim 42. The cut-outs 64 we tnmgh shaped, and extend inwardly to a radial 
depti. which is equal to the heigtt of the shmdder 62 (so that ti« bottom of ti» c«^ 
of the housiiq at the first portion of the body). 
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A onove 66 is formed in the piston 42 near its second end 52. Preferablyr a seal 68 (see Figures 11 and 12) is 
positioned in this groove 66. The seal 68 is preferably an "O'-rntg comprised of rubber or a sindar realient sealing 
material 

In the preferred embotbnent, the piston 42 is hollow, having a recessed area thermn. As illustrated, the recessed 
5 area comprises a bore or passage 72 extemiing inwardly from the second end 52 thereof. The bore 72 preferably has three 
diameters, the tergest of which is near the second end SZ and tapering in diameter in two steps to two other diameters 
which are less thai the first. The bore 72 is in communication with the passage 36 within the housing 28. The bore 72 
preferably has the three diameters so that the wall of the housing 28 has a generally uniform thickness, which facilitates 
molding. Those of skill in the art wiH appreciate that the bore 72 may have more or less than three different cfiameters. 
10 The assembled valve 20, wheron the piston 42 is positioned in the housing 28, is iHustrated in Hgures 7-1Z As 

illustrated, the seal 68 dhrides the main passage 36 mto a forst cavity or chamber 39 and a second cavity or chamber 41. 
The first chamber 39 comprises the space between the end cap 40 and the second end 52 of the piston 42, as weO as the 
space defined within the piston 42 by the bore 7Z The second chamber 41 is that space from the seal 68 to the first end 
30 of the housmg 28 not occupied by the iriston 42. 
IS As Sustrated in Figures 1 1 and 12, the piston 42 is moveable from a first or "uncompressed" position m which 

the shouUer 62 engages the ledge 48 and the first end 50 of the piston 42 extends outwardy of the first end 30 of the 
housing 28, to a second or "compressed" position in which the piston 42 is moved in the direction of the second end 32 of 
the housing 28. 

NIeans are provided for biasing the piston 42 nito its first position. Preferably, this means comprises a siving 70. 
20 The spring 70 is of the helical variety, and has its first end engaging the cap 40 and its second end engaging the piston 42, 
prefmbly inskle the bore 72 at a ledge created at a change in diameters thereof. 

The first clamber 39 is air filled, hi order to accommodate the movement of the piston 42 towards the second 
Old 32 of the housing 28, an air v«it 75 is preferably provided through the end cap 40 (see also Rgure 5). The air vent 75 
is a passage through the cap 40 from the chamber 39 to the exterior of the vahre 20 which allows air to flow into and out 
25 of the chamber 39. 

The brench 33 extends generally perpemficularly from the remainder of the housing 28 between its first and 
second ends 30,3Z The branch 33 is generally defined by a cyEndrical wall 76 extending outwardly from the wall which 
Mines the main portion of the housing 28. The wall 76 defines the branch passage 38. 

As best illustrated in Hgures 7 and 11-12, a threaded sleeve 78 preferably extends about the branch of the 
30 housing 28. The sleeve 78 has an inner diameter which is larger than the outm diameter of the wall 76. In fact the inner 
diameter is large enough to define a space between the waD 76 and sleeve 78 in which the end of a tube or other member 
may be insvted. 

The sleeve 78 is preferably connected to the wall 76. As ilhistrated in Figure 7 and 9*12, the outer surface of 
the sleeve 78 has a number of recesses 80 therein for aiding in gripping by a user. 
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Tteo|i8rationofttevah«20winowhed8scribrf A user first connects 

the first medical implement 21 to the branch port 35 at the third end 34. When the first medical imptament 21 is of the 
type disdoswl above. «. «Hl of the tube 23 hawing a comiector there^ 

the waH and the inside of the shew 78. The connector is preferably threaded imo enBagemem with 
5 retan it in place. 

The aser then engages the second medtolimptemert 26 to the first port 31 of th^ PmferaWy. the 

medical imphanent has a bh«t canmrta tip 37 positiomrf within a con^ 

threads 44 or other loddng means positioned on the housing 28. 

The user adwnces the canmda tip 37 unta it engages the end surface 58 of the pistt^ As the user further 

10 8d«mcestheimplemem,thepiston42ispressedinthedlr««i« 

spring 7a Air within the passage 36 between the end cap 40 and the piston 42 and wi*^ 

forced out through the vent 75 in tiie end cap 40. 

Once the conmKtor 27 of the imphmert 26 extends about the first end 30 of the houw^ 
comiector27tothehousii«28toprovideasecumcen««aion. So engaged, the imphanem 28 is connected to the valve 

IS 20 m the position ahistrated'n Figure 12. 

WW the piston 42 is in this position, a fhdd flow path is estabHsW 

through the tube 29 from the LV. bag 24 m the arrangemew ilhBtr^ 

medical implement 21 (end thus through the cathrter 22 to the pali^^ Fkad flows through the tip 37 of the camaila 

ahmg the first end 54 of the piston 42 Into the second chamber 41. Le. that space b«^ 
20 surface of the housing 28. imduding the space within the cutH«^ Thetotalvohaneof fhid within the vah« 20 when 

the second medical taptenwit is attached and fhad fills the secoral chambw 

fluid is prevemed from travelling beyond the second emi 52 of the piston 42 intoto 

68. As a result, the fhjid flowing from the second medical inphmant 26 tow^ 

branch passage 38 and thereon into the tube 23 to the patient 
25 Most importantly, when the second medical implement 26 is disconmKted from the valve 20, the valve 20 

causes fluidtofhiwinthBdhectionofthefirstmedicalanphanentth^^ As the second medical 

implement 26 bdiscomiected, the spring 70 forces the piston 42 tow^ Asthe 

pi«on 42 moves to this direction, the piston 42 sides through the narrowest portion 

30 of the housing 28. This movement causes the total volume or fhad space in ti« 
30 42 and flm housing 28 to reduce. Once the shoulder 62 d ti» piston 42 hite ti« ledge 48. tiw piston stops moving, and 

the flud vohine within the vah»e 20 is at a minimum amount VI 

Because the fluid volume in tin valve 20 decreeses as the second medical implement 26 is disconnected, some 
fluid witiJin tfie housing 28 must be dispbced. This fhiid moves along the troughs 64 and i^^ 
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(firection of the patient the total volume of fitml flowing in the "positive" lEmtion Vp (volume ifisplaced) being equal to tte 
difference between the maximum volume VI less the minimum volume VZ 

Once the piston 42 has teseated, the valve 20 prevents later flow of fhiid from the first medical implonent 21 
back through the valve 20, since the piston doses off the passage 36 near the first end 30 of the housing 28. This 
S prevents, for example, the Uood pressure of the patiem from forcing blood back to the vahre 20 and out the first port 31 . 

Besides providing a positive flow, the vahre 20 of the present invention has several other distinct advantages. 
Fffst it is often the case that medical valves have a f hiid containtng area within them in which the fluid may stagnate. 
Fluid stagnation is undesirable, as it may result in bacteria growth and sknilar problems. 

The valve 20 of the present invention has its fluid comaimng area between the piston 42 and die wall of the 
1 0 housing 28 which defines the main passage 36. This generally annular space is flushed each time fluid is injected from the 
top end SO of the piston 4Z 

Another aspect of tiie present invention is that the end surface 56 of the first end 50 of the piston 42 is smooth. 
This diows a user of the vahre 20 to swab the cannula engaging surface before connecting the medical anplement to the 
first port 31 of the valve. The swabbnq may be witii alcohol or a sindar ifisinfectant winch serves to prevott tt» entry of 
1 S becteria and the like imo the fluid system through tiie vahre 20. 

It may now be understood that the vdve 20 inchides both means for redudng the fluid volume or space therem 
when the second medical nnplemem 26 is disconnected (i.e., in this case, a reduction in the volume of chamber or cavity 
41), and means for establishing a flow patfi through the vahre 20 when the second medical implement 26 is connected and 
for dosing this f hnd path when the implement is cfisconnected. bt this first enriiodiment, these means are provided by the 
20 single piston 42. 

A second embodiment vahre 120 in eccordance with the present invention is illustrated m Figures IB and 19. As 
illustrated, this valve 120 indudes a housing 128 which is similar to the housing of the vahre 20 described above, except 
tiiat this housing is shorter in tengtii between a fvst end 128 and a second end 130, es a piston 142 of the vahre 120 is 
also shorter. 

25 As illustrsted, the first end 130 defines e first port 131, and the opposing second mti 132 is dosed. A branch 

133 extends to a third end 134 defining e banch port 135. 

A main passage 136 extemb from the first end 130 towards the second end 132 of tiie housing. The main, 

passage 136 is defined by an imier surface of a waD of the housing 128. The mam passage 136 is generally cyGndrical in 

shape, in this emboifiment havmg no ledges or steps. 
30 A branch passage 138 extoids psrpendicularty from the main passage 138 between the first and second ends 

130,132 of the housing 128. The branch passage 138 is preferably defined by a wall 176. The branch passage 138 is 

generally cylindrical in shqie. 

The piston 142 is movably positioned witiim the passage 138 of the housing 128. The piston 142 has a body 

160 which is generally cylindricd in shape, and has a first end 150 and a second end 15Z The first end 150 defines a 
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head 1 54 hawing a slanted surface. In this embodlmem. the piston 142 is sinHar to that of the first embodiment, eicept 
the piston is much shorter end does not have the differing diameter sections. 

A groove 166 is fom»d in the body 160 between its first and secomi ends 150,151 As illustrated, a seall68 is 
poshiomri in the groove 166 of the piston 142. This seal 168 dhrides the passage 136 in the housing 128 imo a first 

S chamber 139 and a second chamber 141. 

A recess or bore 172 is fomied in the body 160 of the piston 142 extending from the second end 15^ Aflrst 

emi of a spring 170 B positioned in the recess 172 and extends therefmm to the 

biawig the piston 142 towards the first end 130 of the houshig 128. 

A vem 175 is provided through the secomi end 132 of the housing 128. The vent 175 peroats eir to flow 

10 between the first chamber 139 and the outside of the housing 128. 

A rosieiitpn^srit seal 182 Is provided mn» the firatemi 130 of the housing 128. The seal 182 is generaily 

circular for fittb, within the passage 1 36. and preferably ^ 

implemem may pass. The seal 182 is preferably cmrtructed of a mslliem material such 

poslthmC4».rBseals)iostrated in figure 18. where the slit Wisely 
15 As Witt! the fir« embodiment a sleeve 178 is positioned about the wan76dermm^ 

128. Thesleeve178preferablyha$thrBadsl79onaninner8urfac8themof. 

The operation of the vahre 1 20 wii now be described bi detail with reference to figures 1 8 and 1 9. A user first 

cmmects the first medtadbnplemem (not shown, but wWchmaybeslmto 

135 at the third end 134. When the first medtart implemert Is of the type disclosed above, the fra 
20 Buidedoverthewani7Bbat»veentheoutsidedthewaBandthelnsideofthesleevel78. 

ThewBrthBnengagBSthesecondmedkalimptamBrt126totheflrstportl31oftheM^ Preferably, the 

meifical Implement has a bhmt canmila tip 137. 

The user advamxs the camuda tip 137 until it engages the end surface 1 58 of the piston 14Z As the user 
further advaM» the implement, the piston 142 is pressed in the direction of the second end 132 of the bousing 128, 
25 compressingthespringm Air within the first chember 139 between the end cap 140 and the piston 142 and with^ 
bore 1 72 of the piston is forced out through the vent 175 in the end cap 140. 

When the piston 142 is in this position (as IBustratad in Rgum 19). a fluid flow path is established from the 
aecmid medical onphment 126 (such as through a tube from an I.V. bag) through the valve 120 to the first medu:al 
imphmient (ami thus through the catheter to the patieirt). Hold flows through the tip 1 37 of the cannula along the first end 
30 154 of the piston 142 imo the second chember 141. The total volume of fluid within the vah,e 120 when the second 

medical enplement is engaged and fluid fills the second chamber 141 is an amount VI. 

Ruld is prevented from travelling beyoral the seal 168 imo the first chamber 139. As a result the fluid flowing 

from the second medical implament 126 into the secrnid chamber 141 is forced to flow into the bram:h passage 138 end 

thereon mto the tube to the patiem. 
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Most importantlyf when the second medicai implonent 126 is disconnected from the vahre 120, the valve 120 
ceiises fhiid to flow in the direction of the first nwdical implement through the branch passage 1 38. As the second medical 
implement 126 is disconnected, the spring 170 forces the piston 142 towards the first end 130 of the housing 128. This 
movonent causes the total volume or fhiid space in the second chamber 141 between the piston 142 and the seal 182 at 
S the first end 130 of the housing 128 to reduce. Once the piston 142 encounters the seal 18Z the piston stops moving, 
and the fluid volume within the vahre 120 is at a minimum amount VZ 

Because the fluid vohene in the vabe 120 decreases as the second medical implement 1 26 is disconnected, some 
fluid within the housing 128 must be displaced. This fluid moves through the branch passage 138 in the direction of the 
patent, the total volume of fluid flowing in the "positive" direction being equal to the diffmnce between the maximum 
1 0 volume VI less the minimum volume V2. 

Once the implonent tip 137 is removed, the vahre 120 prevents later flow of fluid from the first medical 
implenmnt back through tin valve 120, since the slit 184 m the seal 182 reseals, closing off the passage 136 near the first 
Old 130 of the housing 128. 

Besides providing a positive flow, the valve 120 of rtie present invention has othv advanteges. Again, the vahe 
IS 120 of this embodnient has its fluid containing area between tiie piston 142 and the housing 128 which defines tiie nmn 
passage 136. This space is flushed each time fluid is iiqected from the top end 150 of tiie piston 142. 

Advantageously, a needle may be used to penetrate tiie seel 182 instead of the Uunt tip cannula 137. In tins 
arrangement the seal 1 82 is preferably tBsSm so tiiat it reseals, but need not be pre-slit 

As may now be understood, the means for selectively establishing the fluid flow path through the valve 120 and 
20 the means for causing a reduction in fluid space in the vehre 120 when the second mecfical implement 1 26 is ronoved are 
separate in this emboifiment bi this emboifiment the means for selectively establishing the fluid flow path comprises.the 
seal 1 84, while the means for redwoig the fluid space comprises the biased piston 142. 

A third embodiment vdve 220 in accordance witii the present invention is aiustrated in Figures 20 and 21. As 
illustrated, this vahre 220 includes a housing 228. As illustrated, the housing 228 is a generally cylindrical body having a 
25 first end 230 defining a first port 231 and having an opposing second end 23Z 

A main passage 236 extends from the first md 230 towards the second end 232 of the housing. The main 
passage 236 is defined by an irnier surface of the housing 228. The main passage 236 is generally cylindrical in cross- 
section. An extension passage 238 of smaller diameter extends from the main passage 238 to the second end 232 of the 
vahre 220, the passage 238 being defined pertly by e waO 276. A sleeve 278 is positioned about the outside of the wall 
30 276. The sleeve 278 preferably has threads 279 on an mner surface therm>f. 

The piston 242 is movaUy positioned witiiin tiie passage 236 of the hoieing 228. The piston 242 has a body 
260 having a generally circular first end 250 or head. A flange or skirt 255 extends outwardly from a circumference of the 
head 250. A number of passages 257 are provided through the head 250 of the iriston 24Z 
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AltoNn««-w2701sposhionedtetw« 

238 at the mt»«rti». of tw. portion, of the passaQB 238 having differing diametors. Tha biasing n.anri»r 270 8 
preferaUy an anmto. coiifl«8»ble and generally cl^ 

A resiient.pie.slit seal 282 is prodded n«irtl»fi« end 230 of tte The seal 282 is generaBy 

5 circularforf«inBwitl«.thepassage23B.andinclute 

maypass. t1» ««d 282 is preferaWy constructed of a msiBem n«*^ 
as illustrated in Rgore 20. tte slit 284 is closed and lluidB 

Tl» operation dttewalwe 220 wi now be descrawl in detail wi^ 

conoectsth.firstnuHScaIimpl.nert (not stown. but wl«^ 
10 232. Whenthefiratmedicalinvlementisofthetypedis^ 

between the outsid. of the wan and the inade of the sleewe 278. The user then engages the second medical »#««« 
226withthefirstport231ofthe«ih«220. Preferably, the medical implement has a blunt canmrta tip 237. 

The user adwmces the canmjia tip 237 through tha seal 282 unti It engages to 
24Z Astheus.rfurtherad»am»stheimplamem.thepiston242ispr^ 

1 5 housing 228, compressing tlw biasing msndier 270. 

WW the piston 242 is in this position <a» aiustrated in 

«H»nd medical imptanort 226 (such es through a tube from a^ 

implemert (and thus through the catheter to the patient). Fluid flow, through the tip 237 of the canmila through the 
passages 257 into the passage 236. In addition, fluid fills the space 241 between the seel 282 and the piston 242. The 

20 totalirolumBoffluidwithinthe»ahfe220whenthesecomlmedhadi^ 

Most bnportartly. when the secomi medtad implement 228 is dB^ 
causes fhiid to flow in the direction of the first medical implemert through the extension passage 238. As the second 
nnuical imptament 226 is disco««cted. the biasing member 270 forces the piston 242 towards the first end 230 of the 
hm>sing228. A. the piston 242 moves in this direction, the biasing member 270 expands. This causes the total vohm* or 

25 fluid space in the housing 228 to reduce. Once the piston 242 encourters the seal 184. the piston stops nunm^^ 

fluid volume within the valve 220 is at a minimum amourt V2. 

Because the f Ud volume m the vehre 220 decreases es the second medical implement 226 is discoramcted, some 
fluid within the h««ng 228 must be displaced. This fluid moves through the branch passage 238 in the direction of the 
patiert. the total voluma of fluid flowmg in the -po«tive- direction being equal to the difference between the maxmami 
30 vofameVlless the minimum volume V2. 

Om» the hnptamert tip 237 is removed, the vahre 220 prevents later flow of fluid from the first medical 
implemert back through the voh« 220. since the slit 284in the SM^ 
end 230 of the housing 228. 
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Besides providing a positive flow, the valve 220 of the present invention has other advantages. The vahre 220 of 
the present invention has its fluid containing area betwemi the seal 282 and the housing 228 which defines the main 
passage 236. This space is f hished each time f hiid is injected from the top end 250 of the piston 242. 

Another advantage is that the suaight-through fluid flow path from the first to the second end 230,232 serves 
S to eliminate stagnation areas. 

A fourth embodment vahre 320 in accordance with the present invention is illustrated m Figures 22 and 23. This 
vahre 320 includes a housing 328 which is goieraOy cybidrical in shape, like the housing 228 of the third embodmient. The 
housing 328 has a first end 330 defming a first port 331 and a second end 332 defming a second port 335. A passage 
336 extends through the housing 328 from end to end. 
10 A piston 342 is movably positioned within the passage 336. The piston 342 has a generally circular head 354 

with a flange or sUrt 355 extending downwardly therefrom drcumferentiaDy around the outer edge of the head 354. At 
least one passage 357 is provided through the head 354 of the piston 342. 

A biasing element 370 is positioned within the housing 328 between the piston 342 and the second end 332. As 
illustrated, the element 370 b a resifient member which is circuiar in shape having a generally shaped cross-section 
1 S with a closed interior «de end an open exterior side. 

The element 370 cooperates with an inner surface of the housing 328 to defiitt a chamber 339 which is sealed 
from the passage 336. One or more venu 375 are provided through the housing waU from a point exterior thereof to the 
chamber 339. 

In tins embodimem, e sleeve 378 is surroundiiq a waD 376 b formed integraBy with the remander of the housii^ 
20 328. The sleeve 378 has threads 379 on an inner surface thereof for use in mating engagonoit with threads on a medical 
coim^or. 

A seal 382 is provided near the first end 330 of the housing 328. The seal 382 preferably selectively obscures 
or seals the passage 336 through the housing 328. The seal 382 is pre-cut to form a sBt 384 wMch, when the seal 382.is 
in its unbiased posttHin as illustrated in Figure 22, is closed. 
25 Use of the vahre 320 of this embodiment is as follows. A user first connects a first medical implement (see 

Figure 1) to the port 335 at the second end 334 of the housing 328. When the first medical implement is of the type 
disclosed above, a free end of the tube is guided over the waO 376 between tin outside of the waH and the inside of the 
sleeve 378. 

The user then engages the second mecficai implement 326 with the first port 331 of the vahre 320. Preferably, 
30 the medical implonait has a blunt cannula tip 337. The user advances the cannula tip 337 through the slit 384 in the seal 
382 unta it engages the end surface 354 of tiie piston 342. As the user further advances the implement die piston 342 is 
pressed in the direction of the second end 332 of the housing 328, compressing the biasing element 370 radially outward. 
Air within the chamber 339 is forced out tivough the vents 375 in the wall of the housing 328. 
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VW«m the pBlon 342 is « tlis portion, a fluid flow path is 
throuBh the vrtre 320 1» the first medical implement Fluid flows thmugh the tip 337 of the cannula through the passage 
357 in the first end 354 of thepiston 342 i«o the p.s««a 336. The total «h«»rf 
«««d medical implemem is attached ami fluid fils the pasM^ 

"^^Most importamlY. when the smamd medical implemem 326 is discom»cted from the valve 320. the valve 320 
c««s fluid to flow in the direction of the first medical imphunem through the second port 335. As the second medical 
implemem 326 is disc-uu^ted. the b««ng elemem 370 f«^ 
328. 

At the same time, the biasing element 370 expands im«rardly. causmg a reduction in the total volume or fhud 


20 


30 


spacein the passage 336 betw««thepiston 342 ami second end 332 of the^ 
mow» opwmdlv to a poim at which ft em««t«» the seal 382, the pis^ 

valve 320 is at a minimum amount V2. 

Because the fluid volume in the vah« 320 decreases as the second medi^ 

fMd within the housing 328 must be displmauL This fluid mw^ 
the totri volume d fluid flowing in the -posith*" dirm^ion te^ 

less the nmiimiin volume VZ 

0n» the implement tip 337 is mmoved. the vahe 320 prevents later flow of fluid from the first medical 

implememthe«through.sinc8theseal382clo«»o«thepas^ 

Besidesprovidingapo«tiveflow.theveh«320ofthepmsent.^ Fydstagnatum 

is gewmdlvprweMedai«» the fluid flows through the housing 

A fifth embodimeM valve 420 in ecconfamce with the present imrention is illustrated in Figures 24 and 25. Th8 
„|„ 420 imdudes a housing 428 which is gemmdiy identical to the housing 328 of the valve 320 described above and 
atetrated in figures 22 ami 23. having . fmt end 430 defini^ 
25 port435 A possage 436 exiembthnugh the housing 428 from the first to the second ends 430.432. 

Again, a portion of the passage 436 m»r the secomlemi 432 is defined by a wan 476. A sleeve 478 extemis 
about the waB 476. the sleeve478havingam«*8r of thieads479 on an imemal surface the^^^ 

A seel 482 which has a pre^art sit 484 is provided neer the first emi 430 of the hou«^ 

embodimsnt. 

bi this embodknent the biasing element 470 comprises a domrt shaped. resilient element having a hollow intemr 
471 The imerior 471 of the ehmumt 470 is in commmrication with the outside of the housing 428 via one or more 
passages or vents 475. A commction is provided between the element 470 and the passages 475. however, so that air 
flowing through the passages 475 to w from the elemem 470 does not flow into the pas^^ 
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In this embodiment e pair of iiistons 44Z443 move radiaUy instead of tinearty as in the previouslY descrSied 
embodonents. Each piston 442.443 preferably indudes a head 450 and a base 452 which are haif circie shaped. An 
upstamfing wall 455 conracts the head and base 450.452 of each piston 442,443 in a manner that the head and base 
thereof extends radially outwardly around a portion of the biasing element 470. Each piston 442,443 preferably has a 
5 tapered area 453 in the head 450 thereof, the area 453 in the instons 442,443 cooperating to form a guide, as described 
in more detail below. 

The fristons 442,443 are arranged to ebut each other along their walls 455 in their normal position, as illustrated 
in Figure 24. The pistons 442,443 are arranged to move radially outward when a medical impiemem is pressed between 
them, as aiustrated in Figure 25. 

10 Use of the valve 420 of this embodiment b as foBows. A iner first connects a first medical implement (see 

Figure 1) to the port 435 at the smnd end 434 of the housing 428. When the first medical mfiplement is of the type 
(fisclos«i above, a free end of the tube is guided over the wal 476 between the outside of the waB and the inside of the 
sleeve 478. 

The user then engages the second medical implement 426 to the first port 431 of the vahre 420. Prefmbly, the 
1 S meifical mnilement has a bhmt cannula tip 437. The user advances the cannula tip 437 through the slit 484 in the seal 482 
until it engages the head 450 of each piston 442,443. As the user further advances the implement, the pistons 442,443 
are pressed radially outwardly from one another, compressing the biasing element 470. Air within the hoBow interior 471 
of the biasmg dement 470 is forced out through the vents 375 in the wall of the housing 328. 

When in this positionr a f hod f tow path is estabBshed from the second medicd impiemem 426 through the vahre 
20 420 to the first medical implement Fluid flows through the tip 437 of the cannula mto the passage 436. The total volume 
of fluid within the valve 420 when the second medical impiemem is attached and fluid fBIs the passage 436 with the 
biasing dement 470 compressed is an amount VI. 

Most importantly, when the second medical implonent 426 is disconnected from the vahre 420. the vahre 420 
causes fhnd to flow m the direction of the first medical inqiiement through the second port 435. As the second medical 
25 impiemem 426 b disconnected, the biasing elennnt 470 forces the pistons 442,443 radially inwardly to that position 
Blustrated in Figure 24. 

At the same time, the biasing elemem 470 expaids inwardly, causing a reduction in the total vohime or fluid 
s|iace in the passage 436 between the piston 442 and second end 432 of the housing 428. Once the pistons 442,443 
encounter one anotlier, they stop moving end the vohime within the velve 420 is et a mimmum amount V2. 
30 Because the fluid vohime in the vahre 420 decreases as the mend medicel implement 426 is disconnected, some 

fluid within the housing 428 must be displaced. Thb fhnd moves through the passage 436 in the direction of tiie patent, 
the total vohime of fluid flowing in tiie "posithre" direction being ecpial to die difference between the maxoman vohone VI 
less the minimum vohime V2. 
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One. the tip 437 of th. imptan«t 426 is remold, the val« 420 pn««rts l«-r flow of fluid from the first 
™„fic..N.tanentther«h™u,^«nc.»he«.a.482c.as.saf^ 

Be«d8spre«idinB.positi».flow.th..ah«420ofth.pr^ H«idstaBn««« 
isgenerallypreveirtedsii^ the fMd flews through the hou^ 
5 AswiUteappr«Artedl.ythos.sldWintheart,theremayb.pn^^ 

together to perfom. the ahnrwtecrihed 

A sixth embodinumt vehe 520 in «»>rdance with the pns«tt in««tien is illustrated in Figures 26 and 27. This 

eoOuHiimem vah« 520 is sinto to the fim enUK^ 
flow4hrough arraiigeniert siroQar to that iustrated in the last em 
10 The vahe 520 of this embodiment has a housing 528 which is generaByq^ 

has a first end 530 defining . first port 531 and a s«»nd end 532 defining a «^ 

through the housing 528 from end to and. 

A piston 542 is mo«bly positioned within the passage 336. Tl» piston 542 has a gem^ally circuiar head 554 
with a tubular section 555 «ttendingce«tral»^ A passage 557 is pm«ded through the head 554 

15 and tubular section 555 of the piston 542. 

Aspring 570 or othermeansforbiasingis positioned witWnth.^ 

542 and a ledge 561 fom«l m the housing 528 -ong the passage 536 between tte 

A seal 568 is provided in a groove in the circumferential surface of the head 554 of the piston 542. A smdar 
«„d 588 is provided around th. tubular section 555 «« its ^ 
20 portion of the passage 536, thereby defining a sealed, air-fiBed chamber 539. 

Owi or more wmts 575 are provided through the housing wall from a point 

The sleeve 578 and wal portion 576 are integrally ftmned with the remainder of the housing, the wafl 576 
defining the passage 536 « the secomi end 531 The sleeve 578 has th«^ 

with threads on a medical cimnector. 
25 A seal 582 is provided mar the Amend 530 of the housing 528. The seal 582 preferably obscures or seals the 

passage 536 through the housing 528. The seal 582 is proH^t to fom, a .ft 
unbiased position as iUustrated in Rgura 26, is dosed. 

Use of the valve 520 of this embodtom is as follows. A user first connects a first medical implement (see 
figure 1 ) to the port 535 at the second ««l 534 of the housing 528. When the first medical implemem is of the type 
30 dbdosed above, a free end of the tube is guided over the waO 576 between the outside of the watt and the inside of the 
sleeve 578. 

The user then engages the »«»nd medical imptammt 526 to the first port 531 of the valve 520. Preferably, the 
medical implement has a blunt canmda tip 537. The user advances the ca«.ula tip 537 through the slit 584 in the seal 582 
until it engages the head 554 of the piston 542. As the user further adva«« the ™ 
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the toction of the second end 532 of the housing 528, compressing the spring 570. Air within the chanber 539 is forced 
out through the vents 575 in the wail of the housing 528. 

When the piston 542 is in this position (as illustrated in Figure 27), a fluid flow path is established from the 
second medical enplement through the valve 520 to the first meifical impianent. Fluid flows through the tip 537 of the 
5 cannula through the passage 557 in the piston 542 into the passage 536. Fluid also fills the space between the seal 582 
and the head 554 of the piston 542. The total volume of fluid within the valve 520 when the second medical implement is 
attached and fltnd fiDs these areas when the spring 570 is compressed is an amount VI . 

Most importantly, when the second medical imptanent 526 is disconnected from the valve 520, the vah« 520 
causes fWd to flow in the direction of the first medical imptanent through the second port 535. As the second medical 
1 0 implement 526 is disconnected, the spring 570 forces the piston 542 towards the first end 530 of the housing 528. Tfus 
piston 542 movement causes a reduction in the total volume or fluid space in the passage 536 between the piston 542 and 
second end 532 of the housing 528. Once the piston 542 moves upwardly to a point at which it encounters die seal 582, 
tiie piston stops moving, and the fluid volisne within the vahre 520 is at a minimum amount V2. 

Because the f hod volume in the valve 520 decreases as tiie second medcal imptanent 526 is disconna:ted, some 
IS flutti witirin the housing 528 must be displaced. This fluid moves through the passage 536 in the direction of tiie patioit 
tin totel vohene of fltnd flowing in the "positive" direction being equal to the difference between tiie maximum volume VI 
less the nunimum vohmw V2. 

Once the implement tip 537 is removed the valve 520 prevents later flow of fluid from the fvst medical 
inqrtemnit theretiirough, since the seal 582 closes off the passage 536 near tiie first end 530 of the housing 528. 
20 Besides providing a positive flow, the valve 520 of the preset invention has otiier advantages. Fhiid stagnation 

is generelly prevented since the fluid flows through the housing 528 in a continuous patii. 

A seventh embodonent vahre 620 in accordance witii the present invention is illustrated in Figures 28 and 29. 
This vdve 620 includes a housing 628 which is similar to those descrihed above witii respect to vahres 320, 420 and 520. 
The housing 628 has e first end 630 defining a first port 631 and a second end 632 defining a second port 635. 
25 A passage 636 extends through the housing 628 from the first to tiie second ends 630,632. 

Again, a portion of the passage 636 near the second end 632 is defined by a wall 676. A sleeve 678 extends 
about tiie wall 676* tin sleeve 678 having a nmba of tiveads 679 on an internal surface thereof. 

A seal 682 which has a pro-cut slit 684 is provided neer the first end 630 of the housing 628 as in the last 
embodimenL 

30 A iriston 642 is positioned ac^acent the seal 684. The pston 642 is preferably generally disc shaped, having a 

circular outv shape. The piston 642 has a top or first end 650 wluch is slanted, and a second or bottom end 652 which is 
flat 

In this enbodiment. a resilient element 670 conqirises a generally cylindrical, resilient and non*porous matviaL 
In its resting state, the element 670 preferably has an outer diameter which is smaita than the diametv of the passage 
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636 in which it is positionel The .lemBm 670 is positioned on a ledge 661 tamed within the passage 636. and the 

bottom end 652 of tin piston 642. 

Grooves 68W86 are f omied in the side waU of the housing 628 within the passage 636. inchiding the portion 
defining the ledge 661. The grooves 685.686 am arranged to sopport the 011^^ 
5 wiKhpennits fluid to flow between the ehment 670 and the housing 628, as dosi^ 

Use of the waive 620 of this embodiment is as foBews. A user first cowietts a first medical implement <see 
Rgurel) to the port 635 at the secomi end 634 of the housing 628. VWwi the first medical implement is of the type 
disclosed above, a free end rf the tube is guided over the wal 676 between the «^ 

sleeve 678. 

10 Theuserthenengagesthesecondmedicalimplem8rt62Btothefirstport631ofthe PnrferaUy, the 

medical implement hasabhmtcammla tip 637. The user 8dvam» the camwia tip 6^^ 

until it engages the top 650 of the piston 642. As the user further advances the imphment, the piston 642 is pnssed 

downwardly compressing the element 670. 

Vlften in this position, a fluid flow path is established from the second medi^ 
15 620 to tiie first medtartimplemenL FUd flows through ti« tip 637 rf tiie camiuta flwwgh the passage 636. Fluidis 

alowed to flow past ti» element 670 tiwough the grooves 685. 686. The total vol«^ 

the second medical implemert is attached emi fluid fins tiu. passage 636 and timt space bett^ 

842 ami tiM bottom of ti» seal 682 whan tiM piston 642 is depressed is an amount VI. 

Most impoitantiy, when ti» secomi medical implamert 626 is dteoraiected f^ 
20 causes fluid to flow in tiM direction of the first medical imphmemtiirough As tiie second medical 

Imphmient 628 is discomuKted. flie eloment 670 expands, forcing ti» pB^ 

Figure 28. 

At flm some time, a reduction in tiie total volume or fluid space in ti» passage 636 between tiie piston 
seal 682 occurs. Once ti» piston 842 moves upwardly to a point at which h emaumers ti« seal 682. ti» pist™ 
25 nroving, and tiiefha volume viiitidntiievahm 620 is at a nwAnum amount VI 

Because tin fluid volume in tim vah« 620 decnases as tin second medsal implement 626 is discoraiected. some 
fluid witiiin ti« housing 628 must be dnplaced This fluid moves tiirough tiw pa«^^ 

tiie total vohme of fluid flowing in tiie "positive" direction bebig equal to tiio differem» between tiie maximum volume VI 
less ti» minimum volume VZ 

30 Once tiie tip 637 of ti» imptamant 626 is removed, tin vahie 620 pmvems later flow of fluid from tiie first 

medical implement tiuwtii«ugh,simati« seal 682 ctoses off tiie passage 636 near t 

Besides providing a positive flow, tin vahm 620 of tiie presem imremion has otiier advamages. Fluid stagnation 
is generelly prevented since the fluid flows tiwugh tiie housing 628 in generally a stiraight patit 
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An eighth mbodiment waive 720 in accordance with the present invention is illustrated in Hgures 30 and 31. 
This valve 720 inchjdes a houang 728 which is simitar to those described above with respect to valves 220, 320 etc. 

The housing 728 has a first end 730 defining a first port 731 and a second end 732 defining a second port 735. 
A passage 736 extends through the housing 728 from the first to the second ends 73Q73Z 
S Again, a portion of the passage 736 near the second end 732 is defined by a wail 776. A sleeve 778 extends 

about the wall 776, the sleeve 778 having a number of threads 779 on an internal surface thereof. 

A seal 782 which has a pre-cut slit 784 is provided near the first end 730 of the housing 728 as in the last 
embodimoit. 

In this embodiment a resilient elonent 770 comprises a generally cyBndrical, resilient and hollow member. In its 
10 resting state, the element 770 preferably has an outer diameter which is smaller than the diameter of the passage 736 in 
which it is positioned. The element 770 defines a int^or space 771 which is sealed from the passage 736. The element 
770 is positional on a ledge 761 formed within the housing 728. 

A sloped camda^gaging surface 781 is defined at the top of the element 770. 

A vent 775 extends through the housing 628 from the interior space 771 within the elonent 770 to a point 
IS extmr of the housing 628. In the onbodiment illustrated, the vent 775 terminates in the space between the wall 776 
and the sleeve 778. 

Use of the vahre 720 of this embodiment is as follows. A user first connects a first medical implonent (see 
Figure 1) to the port 735 at the second end 734 of the housing 728. When the first medical implement is of the type 
disdosed abover a free end of the tube is guided over the waB 776 between the outs'nie of the wall and the inside of the 
20 sleeve 778. 

The user then engages the second medical implement 726 to the first port 731 of the vahre 720. Preferably, the 
meifical implement has a bkmt cannula tip 737. The user advances the cannula tip 737 through the slit 784 in the seal 782 
until it engages the sloped surface 781 at the top of the etement 770. As the user further advances the implement, the 
elonent 770 is compressed downwardly and outwardly, reducing the volume of the space 771, but increasing the fluid 
25 space within the valve 720. 

When in this position, a fluid flow path is established from the second medical implement 726 through the valve 
720 to the first medical miplement Ruid flows through the tip 737 of the cannula along the sloped surface 781 (whereby 
the tip of the canula is not obstructed) and through the passage 736. The total voliane of fluid whhin the vahre 720 when 
the second medical implement is attached and fluid fills the passage 736 and that space between the top of the elemott 
30 770 and the bottom of the seal 782 is an amount VI. 

Most importantly, when the second medical implonent 726 is disconnected from the valve 720, the valve 720 
causes fluid to flow in the direction of the first medical implement through the second port 735. As the second medical 
implement 726 is disconnected, the element 770 moves upwardly to that position fliustrated in Figure 30. 
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At the same tin». a reduction « the total vto 
seal 782 occurs, uma the ftaW whima vwtWn the valw 7m 

Because the fluid volume in the vahe 720 decreases as the second medical implement 72B is disconnected, some 
fluid within the housing 728 must he disptocwL This fluid ^ 

the total votame of fluid flowing in the "positive- dir«:tion being equal to the difference between the maximum volume VI 

lass the minimum volume V2. 

Om» the tip 737 of the implemem 726 b removed, the vaWe 720 prevents later flow of fluid from the first 
medicd implemem therethmugh. sima the seal 782 closes off the passage 736 near the first end 730 of the housing 728. 

Besides providing a positive flow, the vah>e 720 of the present imrention has other advamages. Huid stagmrdon 
is gemvally prmnrnted since the fluid flows thmugh the housing 728 in gemsraily a straight path. 

A ninth embodimem vahn 820 in accordance with the present invemion is Mustrated in figures 32 and 33. As 
iUustrated. this valve 820 imdudes a housinB 828 which is 
described above. 

As lustrated. the housing 828 hes a body having a first end 830 defining a first port 831 ami an opposing 
secomi.«i832. a main passage 836 extemb frem the first eml 830 towanb the secomi end 832 of the hou«^^ The 
main passage 836 is defimrf by an i««r surface of a wal of the housiuB 828. The main passage 836 is cylindrical in 

shape. 

An extension passage 838 extends from the main passage 836 to the second end 832. The extension passage 
838 Is pnrfenrtily defined by a wan 876 ami is gemmiy cylimlrical in shape, aft^ 


20 passage 836. 

A lesiiient. seal 882 is provided mar the first emJ 830 of the hmising 828. The seal 882 has a pm»aBy circular 
or peripheral outer d«pe for fitting within the passage 836. ami preferably inchKles a pre-f omiad slit 884 through which 
the tip of e medical implement may pass. The seal 882 is preferably constructed of a resilient material such that it 
«rt«rany returns to the position as iftistraurf in Figure 3 


Mom impoitamly. however, the seal 882 is arranged so that when an imptement is pressed through the slit 884. 
at least a portion of the seal 882 moves in the direction of the first end 830 of the housing 828 whereby the fluid space or 
voh«» ins-me the housing 828 im^eases. At the same time, the seal 882 is arranged so that when the implement is 
mtracted. the seal 882 moves in the direction of the secmul emi 832 of the housing 828. reducing the fluid space or 
30 vohme therm 

A steeve 878 is positiomal ebout the waB 876 at tiie secomi end 832 of the housing 828. The staieve 878 
preferably has threads 879 on an inner surface thereof. 

The operation of the vahie 820 wiH now be described in detaU whh reference to Figures 32 ami 33. A user first 
comiects the first medical imphxmmt (not shown, bm which may be similar to that ill^^^^ 
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835 at the third end 834. When the first meifical onplement is of the type (fisdosed above, the free end of the tube is 
guided over the wall 876 betwem the outside of the wail and the inside of the sleeve 878. 

The user then engages the second medical implement 826 to the first port 831 of the valve 820. Preferably, the 
medical implement has a blunt cannula tip 837. The user advances the cannula tip 837 through the slit 884 in the seal 
88Z At this timOr the seal 882 moves into the position as illustrated in Figure 33. 

When in this position, a fluid flow path is established from the s^ond medical implement 826 (such as through a 
ttAe from an I.V. bag) through the valve 820 to the first medical implement (and thus through the catheter to the patient). 
Ruid flows through the tip 837 of the cannula through the main passage 836 and extension passage 838. The total vohine 
of fluid within the valve 820 when the second medical implemem is attached is an amount VI. 

Most importantly, when the second medical implement 826 is dsconnected from the vahre 820, the vahre 820 
causes fluid to flow in the direction of the first medical implement through the extension passage 838. As the second 
medical implonent 826 is discommted, the seal 882 moves back to its position as Hhistrated in Figure 32. This causes the 
total vohone or fluid space in the housing 828 to reduce to a minimum amount VZ 

Because the fluid vohmie in the vahre 820 decreases as the second medical implement 826 is disconnected, some 
f hiid within the housing 828 must be displaced. This fluid moves through the branch passage 838 in the direction of the 
patient, the total volume of ffaiid flowing in the "posttive" direction bong equal to the ififference between the maximun 
vohmie VI less the miirinuim volume VZ 

Once the implement tip 837 is removed, the valve 820 prevents later flow of fluid from the first meifical 
onplement therethrough, since the sSt 884 in the seal 882 reseals, closing off the passage 836 near the first end 830 of 
the housing 828. 

Besides providing a positive ftow, the valve 820 of the present invention has other advamages. The vahre 820 of 
the present invention has its fluid contaimng area between the seal 882 and the housing 828 which defines the main 
passage 836. This space is flushed each tinte fluid is ir^ected through the impionent 826. 

A tenth onbodiment valve 920 in accordance with the present invention is illustrated in Hgures 34 and 35. As 
ihistrated, the housing 928 has a body having a first end 930 defining a first port 931 and an opposing closed second end 
932. A branch 933 extends to a third end 934 defining a branch port 935. 

An openmg in the housing 928 at its first end leads to a chamber 936 or passage on one side of a diaphragm 
member 970 to a branch passage 938. The branch passage 938 extends from the chanber 936 in the direction opposite 
die second end 930 of the housing 928. The branch passage 938 is preferably defined by a wall 976. The branch passage 
938 is generally cylindrical m shape. 

A resilient, pre-slit seal 982 is provided near the first end 930 of die housing 928. The seal 982 is generrily 
circular for fitting witfun the openmg in tin first end 930 of the housing 928. The seal 982 preferably includes a pre- 
fommd sDt 984 tiirough wKch the tip of a meifical implement may pass. The seal 982 is preferably constructed of a 
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rwiBBnt material such thrt it naturaBy returns to ihB ^ 

is prevented from pasting tlierethrough. 

The dnphraom 970 is positioned witlw a hollow space within the housing 928 between the first and second 
ends 92W32. The dB^ihragm 970 generalW dhddes the space imo the to 
939. The diaphragm 970 Is biased in an upward droction, lA, in the dtaction of to 

At bast one Wirt 975 extends through the wal of the housng 928 at its second end 932 to the SBCO^ 

939, permitting air to flow in and out of the chamber. 

As with the first ombodimem. a sleeve 978 is positioned about the branch 933 of the ho^ Thesleewe 

978 prrierably has threads 979 on an inner surface thereof. 

The operation of the wal»e 920 win now be described m detail with reference to Figures 34 and 35^ Aoserfirst 

comunas the fist medtadimphniBm (not shown, but which mey be similsr to tto 

935 at the third end 934. Vlflum the first medical Implameirt Is of the type disclosed ebo^^ 

guided owr the wan 978 between the outshte of the wan and the Wde of the sleeve 978. 

T1wMserthenengagesthesecondmeduuilimplemairt926tothefirstport931ofti^ Preferably, the 

medical inplamenthasablurtcamiuUi tip 937. The user adwmces the can^ 

and presses upon the diaphragm 970. At this time, the diaphragm 970 mows Into the position as inustrated in Figure 35. 

When ui thb position (as fflustrated in Figura 35J. a fMd flow path is estaWished from the secomi medical 
imphenent 928 (such as through a tube from an I.V. bag) through the vahie 920 1^ 
through the catheter to the pattant).Fh<d flows through the tip 937 of the ca^^ 

bramdi passage 938. The total vohnwrf fluid within the vehre 920 when the second medical implement is attach^ 
amount VI. 

Most importamly, when the secomi medicei hnplemem 928 is discorawcted from the vehrn 920. the vahe 920 
causes fluW te flow in the direction of the first meduai implement through the brara* passage 938. As the second medical 
•nptement 928 is dtomnected. the diaphragm 970 moves upwardhr back to its poshion as illustrated bi Figure 34. This 
catBOS the total wolurae or fluid space m the housing 928 to reduce to a minimum amount V2. 

Pff^,«, the fluid vohme in the vahn 920 decreases as the second medical implement 926 is discorawmted. some 
fluid within the housing 928 must be displaced. This fluid moves through the branch passage 938 in the direction of the 
patient, the total vohme of f hiid flowing m the "positiw" direction being equal to the diHerence between the maximun 
vohmw VI tess the mimmum vohme V2. 

Fwther, once the bnplement tip 937 is removed, the valw 920 prevents later flow of fluid from the first medical 
mplement therethrough, smce the slit 984 m the seal 982 reseals. dosing off the passage 936 near the first end 930 of 
the housing 928. 
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Besides providmg a positive flow, the vahre 920 of the present mvention has othv advantages. The valve 920 of 
the present invention has its fhnd contaireng area between the seal 982 and the housmg 928 which defines the chamber 
936. This space is flushed each time fhnd is injected through the implement 926. 

An eleventh embodnnent valve 1020 *m accordance with the presmt invention is illustrated in Figures 3649. 
S This vahre 1020 is similar in many respects to the vahre of the first embodimait 

Referring to Hgure 36, the valve 1020 inchides a housing 1028 which is "F-shaped, having a main portran with 
a first end 1030 and an opposing, closed second end 1032. A branch 1033 extends outwardly frirni the main portion 
generally perpendicular thmto to a third end 1034 defining a branch port 1035. 

As illustrated in Figures 38 and 39, a main passage 1036 extends from the first end 1030 to the closed second 
10 end 1032 inside of the housing 1028. in addition, a branch passage 1038 extoids from the main passage 1036 through 
the branch port to the third end 1034. 

The main passage 1036 has two diameters. A first small diameter portion of the passage 1036 extends from 
the first end 1030 to near the branch passage 1038. The diameter of the main passage 1036 then increases to a larger 
diameter section extending to the secimd end 103Z A ledge 1048 is formed at the intersection of these two portnms of 
15 the main passage 1 036. 

A piston 1042 is slidabiy positioned within the main passage 1036. Referring to Figures 4448, the piston 1042 
is generally cylindrical having a maximum outer diameter which is slightly less than the maximum diameter of the passage 
1036. The piston 1042 has a first end 1050 and a second end 1052 and a taigth from end to end which is less than the 
distance from the first end 1030 to the second end 1032 of the housing 1028. 
20 The piston 1042 has a first body portion 1054 extending from the first end 1050 to a second body portion 1056. 

The outer diameter of the second body portion 1056 is larger than that of the first body portion 1054, with a shoidder 
1062 defining the intersection of these two portions. This shoulder 1062 is arranged to engage the ledge 1048 in the 
housing 1028 in a manner described below. 

A groove 1066 is formed in the piston 1042 near its second end 105Z Preferably, a seal 1068 (see Figures 38 
25 and 39) is positioned in this groove 1 066. The seal 1 068 preferably comprises an "O^-rmg. 

A "^'-shaped notch or ctitmit 1064 is defined in the first body portion 1056 of the piston 1042. This notch 
1064 extends from the first end 1050 towards the second end 105Z 

In the preferred embodiment, the piston 1042 is hollow, having a recessed area therein. As ilhistrated, this area 
comprises a bore 1072 extending mto the piston 1042 from the second end 1052. As illustrated, the bore 1072 has two 
30 portions of differing diameters, thereby forming a ledge. When the piston 1042 is positioned in the housing 1028 ism 
Figures 38 and 39) the bore 1072 is in communication with the passage 1036. 

A seal 1082 is provided at the first end 1030 of the housing 1028 and doses the main passage 1036 at that 
end. The seal 1082 is preferably mounted to the housing 1028 by an end cap 1083. 
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Th8 seal 1 0B2 b preferably a resient, pre-aft r»saalable elemenL The end cap 1 083 has an end wHh a passage 
1085 therethnwgh which is aligned iiwth the meinpess^ Acyindiicalsideway 1087 extends from the end of the 
cap 1 083 and is arranged to engage the outside of the housing 1028 at the first end 103a As illustrated, the cap 1 083 
has a groow on the oisidB of the waB 1087 «rtich accepts a rli 1089 on the exteri^^ 

5 arrangement 

As wnth the previous embodinienta, the toandi passage 1038 is defined by 0 wal s™ 

outwardly from the main portion of the housing 1028. A sheire 1078 is spaced outwardly from this wall structure 1 076. 
Threeds 1079 are positioned on the inside of the sleeve 1078. 

The assembled valve 1020, whofoin the piston 1042 is positioned in the main passage 1038 through the hm 

10 1028, is best iUustrated in figures 38 and 3a As iusliated, the seal 1068 divides the main passage 1036 into a first 
chamber 1039 and a second chamber 1041. The fiwt chamber 1039 comprises a space between the closed second end 
1032 of the housing 1021 the second end 1052 of the pistw 1042, and that space within the bore 1072 in to 
104Z The second chamber 1041 is that space between the seal 1068 on the piston 1042 and the seal 1082 at the first 

end 1030 of the housing 1028. 

IS As iUustrated, the piston 1042 b moveable from a first or "uncomprassed" position in whndi the sho^ 

engages the ledge 1048, to a second or -compressed" position in vvhich the piston 1042 is movri 

1032 of the housiiq 1028. 

IMeans are provided for luasing the piston 1042 into Its first position. PrefereUy, this means comprises e spring 
1070. As fflustrated, the spring 1070 is a heicolspnigBstBndBBlwtween the second 
20 the ledge formed to the piston 1042 by the changing dameier here 1072. 

The first chamber 1039 is air-fihd. to order to accommodate the movement of the piston 1042 towerds the 
second end 1032 of the housing 1028, an air vent 1075 is pravided through the second end 1032. 

The operation of the valve 1020 wi now be described. A user first comects a first medical toiplemBnt to the 
brench port 1035 to a menner Bs described ebove. The user then presses a Wunt tip cannula or other medfcal toiptamont 
25 1037 (see Figure 39) through the opening 1085 to the cop 1083, and then through the sBt to the seal 1082. Theuser 
advances the toipleniem 1037 until it posses tiie pisttm 1042 towerds the second end 1032 of tiw houstog 1028, as 
dhistrated to figure 39. 

When the piston 1042 is to tiis position, a Itow path is estahishrt from the implemert 1037 tiirough tiw se^ 
chember1041 betweentheoutsideof the piston 1042 end tiwweH of tin housing 1028 to tiie branch pesssge 1038. 
30 Fhnd freely flovvstivoughtiu tip of tiiecennub 1037 because tiie open -V--8hapedspBced is provided belo^ 
first end 1050 of the iriston 1052. to tin position, tiievehie 1020 hes a nuudnium fluid capacity VI. 

When the user rainovK tin cennub 1037. die pre^it seal to tin seal 1082 raseds, pravemtog flini from flovving 
from tin mato passage 1026 out tin first end 1030 of tin valve 102a At tin same time, when tin cannula 1037 or otinr 
implemem is witiidrawn, the piston 1042 moves upwardly to tin position iVustreted to figure 38 es a result of the spring 
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force. When the piston 1042 is in the position Oliistrated m Hgure 38, the vohime within the vehre 1020 is et e mininiuni 
V2, 

Becsuse the flidd volume in the valve 1020 decreases as the piston 1042 moves upwardy* some fluid in the 
main passage 1026 is displaced This fluid volume V1-V2 moves along the piston 1042 to the branch passage 1038. 
S This valve 1020 also has the advantage that flusMiq occurs at each use end the seal 1082 may be swabbed at 

its top sifff ace to sterilize it 

A twelfth embodment vehre 1 120 m accordance wfth the present invention is ilhistrated in Figures 49 and SO. 
The vehre 1120 of this embodiment has a housing 1 128 itofining a main passage 1136 extending from a first end 1 130 to 
a chamber 1141. A branch passage 1138 leads from the chamber 1141 generally perpoidicular to the main passage 
10 113& 

The housing 1128 has a second end 1132 opposite the first end 1130, the second end 1132 being open to the 
chamber 1141. 

A seal 1182 is positioned within the chamber 1141. As ahistrated, the seal 1182 is a resilient inverted "U"- 
shspnt member. bi a first position, the seal 1182 is arranged to dose the branch passage 1138 from the chamber 1141 
15 (see Figure 49). 

A iriston 1142 is positioned within the main passage 1136 and rests upon a top portion of the seal 118Z As 
illustrated^ the piston 1142 has a flat first end 1150 end a slanted second end 115Z The pbton 1142 is generally 
cybidricai in cross-srational shape. 

The wan defining the mam passage 1136 is cyBndrkal at the first end 1130 of the housing 1128. bi a ifirection 
20 towards the second end 1 132, the wall slants outward to define a stoped surface 1 148. 

A seal 11 68 is preferably provUedet the first end 11 30 of the housmg 1128. This seal 1 168 bihsigned to seal 
against the outside of the piston 1 142 to prevent fluid flow between the ptstim 1 142 and housing 1 128 at the first end 
1 130 of tte valve 1120. 

The operation of this vehre 1120 is as follows. A user moves the tip of a cannula or othw medcel implement 
25 into engagement with the first end 1150 of the luston 1142. The user presses the piston 1142 towards the second end 
1132 of the housing 1128 until the luer-iock coimector or the Eke may be engaged with mating threads on the housing 
1 128, ss ilhistrated in Hgure 50. 

As the piston 1 142 moves inwardly, because its tapered second end 1 152 engage the seal 1 182 and the seal 
collepses, the piston 1 142 tips over against the stoped surface 1 148 in the enlarged section of the main passage 1 136. At 
30 this time, the top end 1 150 of the piston 1 142 is no longer a flat surface with respect to the end of the cannula. Thus, 
f hnd is allowed to freely flow from the tip of tte cemuda. 

As the piston 1 142 moves inwardly, the seal 1 182 compresses to a position in which the branch passage 1 138 
is in communication with the chanber 1 141. 
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A fluid path B established from the cannula atong tim top end 1150 
113Bintothechanberll41,andthBnintoth8branchpassaoBl138. At this time, the fluid wrfume within the vahre 1120 

is an amount VI. 

WhentheusarwithdramthBcan«ia.thBseal11B2pressesthepistonn The upward movement 

5 of the piston 1142 is fadltatBd by its engagement with the sloping surfara Eventuaiy. the seal 1182 moves the 
piston 1142 to the posilioBiUustrated in Figure49. At that time, the seal 1182 agato seals the branch passage 1138 from 
the chamber 1141. 

In addition, the seal 1168 seals around the piston 1142, preventing fhid from fhnmng from the inside of the 
vahn 1 120 through the main passage 1 136 to the first end 1 130, thus effecting a positna flo^ 
10 As the seal 1 182 expands, the volume within the chambw 1 141 is reduced, forcing fhnd into the branch passage 

1138. 

A tWrtwnth endiodimert whe 1220 in Bcconlance with the presort invention is il^^ 
This vrive 1220 has a straight flow arranpmert sintfar to that d the valves ilUistrato^ 

The vah« 1220 has a housing 1228 having a first end 1230 and second end 1232. A mein passap 1238 
15 extends from the first end 1230 to a smalor extension passage 1238 vvWch BKta^ Th" 
extension passage 1 238 B primarly defined by a wal 1278 viihich is positioned vvito 

A seal 1282 is positioned in a corical portion 1248 of the main passive 1236 at the first end 1230. Thesaal 

1 282 preferably comprises first and second seal portions which, when put together, fonn an invert 
member. Each seal portion is generally semi^aicular in cross-sectional shape (in a horiion^ 

20 surface 1283 for engagement with the other seal portion. The outside surface 1185 of each seal portion is curved, and 
topers inwerdly from top to bottom. 

Each seal portion Is biased ni a dkection towards the second end 1232 of the valve 1220. A resient biasing 
mendier 1270 has a first end connected to a bottom surface of each seal portion and a second end secured to the houa^ 
1228 some distance along the mein passage 1236. As iUustrated, each biasing member 1270 comprises e accordion-Ske 

25 elastic member. 

Operation of the vehre 1220 is es follows. When not in use, the biasng member 1270 corresponding to each 
portion of the seal 1282 biases the seal portions towards the second end 1232 of the vah« 122a hi this position, the seal 

1282 seals die main passage 1236 at the first end 1230 of the vahre 1220. 

A user inserts e canmda or other medical apparatus, as ihistrated in Figure 52, hetvveen the ^ 
30 8eal128Z As the user does this end advances the cannula, the seal portions must spread apart to accommodate the 
cennula. TWs causes the seal portions to move upwardly towards the first end 1230 of the vaWe 1 220 along the concai 
surface 1248 against the force of the bi a s in g me m b e r 1270. 

Once the cannula is mserted. a fhad path is established therehom through the main passage 1 236 and extension 
passage 1238 through the vahe 1230. At this time the fluid votame within the vahra 1220 is an amowit VI. 
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When the user withdraws the cannula, the fluid volume in the valve 1220 reduces to an amount V2e causing fluid 
to be diiqyliHrffrf through the extension pessage 1238. In particular, once the cannuia is removed, the biasing members 
1270 draw the seal portions back towards the smond end 1232 of the vehre 1230 to the position illustrated in Figure 51. 
The seal 1282 m this position reseais the main passage 1236 at the first end 1230 of the vahre 1220. 

5 The vahres described above having a seal (182, 282, 382. 482, 58Z 682, 782, 882, SBZ 1082, 1 168, 1282) 

may be adapted for use with a needle or other inqtomnt instead of the blunt cannula 37 illustrated. In tins arrangement, 
the sed may be soGd fi-e., not pre*slit). In that case, the friston 142 (or similar member in the later descrSied embodiments) 
is preferably constructed of a durable material which is not ready poietrated by the neede. 

As described above, each vahre is preferably provUed with e means for opening and dosing a fhui path through 

10 the vahre. In at least one embocfiment this means is a moveable piston (ex. piston 42, figure 12) while in other 
embodnnems it is a pre-sit seal (ex. seal 1 82, Figure 1 9). Those of ski! in the art win appreciate that a variety of means 
may be provided in addition to those described. ForexamplBtaresealableseptiBnortheGkemaybemd. 

In adAkm, each vahre incliules a meens for decreasing the fluid volume therein when one of tin medical 
imptaments is disconnected, for producing a positive fluid flow, bi some embodiments this means is a piston (ex. piston 42, 

IS Figure 12 or piston 1042, Figure 38) while in other emboiGments it is a resilient member such as a diaphragm or foam-like 
element (ex. element 670, Figure 28 or element 770, Figure 30). Those of skiDm the art wiD appreciate that other means 
may be provided. 

bi some Distances, the means for openmg and ctosing the fhiid path is the sane es the means for decreasing the 
fluni voknne (ex. piston 42, Figure 1 2). 

20 In the embodiments described above, the fhnd space inside the vahre increases upon insertion of a meifical 

implement m the com pre ss ed state and decreases upon withdrawal of the medical implemem in the decmnpressed state, 
bi some emboibnems, the structure defining the fhdd space is substentially relaxed and does not store substantial amount 
of potential mrgy. faisertion of the nmdical implement causes a change in the structure tiiat allows it to store potential 
eneigy. The potential mergy is released upon withdrawal of the meifical bnplemem and the structure returns to a 

25 substantiaBy relaxed comBtion. 

The ebove presents a description of the best mode contemplated of carrying out the present invention, and of the 
manner and process of using it in such full, deer, concise, and exact terms as to enable any person skilled in the art to 
whfch it pertains to make and use tins invention. This mvention is, however, susceptible to modifications and altmate 
constructions from that discussed above which are fuBy equhraient. The embodiments described are meant to be 

30 iHustrative and not exhaustive. Consequentiy, it is not the mtentiim to Bmit this invention to tte particuto 

lEsdosed. On the contrary, the intuition is to covo' aO modifications and alternate constructions commg within the spirit 
and scope of the invention as generally expressed by tin following daims, which particularty point out and ifistmctly daim 
the subject matter of the invention. 
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WHAT K CLAIMED IS: 

1. A metlMMl of offocting a positive flow of fluid through a first nwdical impleiiient automatically upon 
disconnection of a second medical implement from a vahie hawing a housing with an element therein for comroliing the flow 
of f yd through said housiig. said vaba defining a fluid wihime within said housing ami said »ahre in communication with 
said first medicd implement, compiiang the steps of: 

disconnecting said second medical implemem from said vahre; 

moving at least a portion of said element to a position in which fluid flow through said vahn to said second 

medical implenient is prevented; 

decreasing the find volume within sad vahfo; and 

forcing fluid from said housing towards said first medical implement 

2. The method hi accordance with Claim 1 . wherein said etement comprises s resilient seal positioned in 
said housing, said seal having a passage therethrough and wherein said moving step comprises allowing said seal to expami 
to a position in which said passage therethrough is ocduded. 

3. The method in accordaim with Claim 1,vHherein a piston mendw is movably positioned wid^ 

housing of sad vahre and saU decteasmg step comprises moving said piston member. 

4. The method in accordance vvith Clam 3, whaein said step of dBConnwaing comprises r^^ 

first nadical impianait fr«n a first end of said vahm, aid whaein said damasing step canprises mming said pistai 

towards said first end of said vahm. 

5. The method in accordance with Cleim 1, wherein a manter is positional within said housing, sad 
manba arranged to increase said fh« voluBB in sold housing what said fim medical imptanart ^ 

and vvherein said step of daaeasing the vohaa wiithiB said housing comprises the ste^ 

in volume. 

6. The method in accordance with Claim 1. wherein a manba is positiaKd within ssid housing ami 
cooper«es virith said housing to form a chanbw, and said step of damasing the vohane vvithin said hai^ 

step of enlarging the vohane of said chamhw. 

7. The method in accordance with Clara 1, wherein said elemart canprises a seal, and furtham^^ 

pistai movably positional within sad vahre, said pistai cooperating with said seal aid huBing to define said fluid vohane, 
and wherem said step of dawesaig the fluid vohniB canprises the step of moving said piston toward 

8. A mednal valve fa caitrolGng the flow of fluid tntween a first medical Impianent and a second 
medical impianent, said valve comprising a body having a cavity in communication with said second medical impianent end 
an oparing adapted to recehre said first maficd impfament. aid a sealing elanait positional within said body aid movable 
betwasi B first position in which said seal prevaits fluid flow thrmigh said baly aid a saamd positiai in which fluid flan 
is permitted through sad body, sad cavity inclafing a flind space which automaticaly and rarasibly increases in size whai 
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said first medical impieninit is connected to said valve and which contracts in size when said first medical implement is 
disconnnted. 

9. The medical valve in accordance with Clam 8, wheron said sealing element is a seal having a pre-sfit 
passage therethrough, said passage ocduded when said seal is in said first positioa 

10. The m«iical vahre in accordance with Claim 8, wherein said sealing element comprises a piston 
movafaly mounted with respect to said body. 

1 1. The medical valve in accordance with Claim 10, wherein a ledge is positioned within said cavity and 
said piston has a shoulder, said shoiddo' engeging said ledge when sad friston is in said first position. 

1Z The medical vahre in accordance with Clam 11, including means for biasing said piston into said first 

position. 

1 3. The meifical vahre in accordance with Claim 1 2, wherein said means for biasing comprises a firing. 

14. The medical valve in accontance with CUm 1 0, wherein said piston dhrides said cavity eito a first fluid 
filled chamber and a second, air-filled chamber. 

1 5. The medical valve in accordance with Clann 14, further inchnfing a vent through said body extemfing to 
said air-filed chamber. 

16. The medical valve in accordance with Clami 1 0, wherein said piston has a head for engagement by seid 
first medial implement said head havmg a slanted surface. 

17. The medical vahre in accordance with Claim 14, wherein said piston inchides a hoBow recess in 
comnwnication with said air-filed chanber. 

18. The meifical vahre in accordance with Clean 8, wherein said openmg is at a first out of sad body, said 
body having a ctosed second end and a branch, said branch defiiring a branch passage leading from said cavity. 

19. The medical vahre in eccordarae with CUm 8, wherein said opening is at a first end of said body and 
saM body inchides a second open end. 

20. The meifical vahre in eccordance with Claim 8, furtha including a piston member movably positioned 
within said body. 

21. The moficel valve in eccordance with Cleim 20, furtha inchiding means fa Uasing said piston member 
in the direction of said sealing eianent 

2Z The medicei valve in accordance with Cirai 21, wherein said means for biasing comprises a spring. 

23. The medical vahre in accordance with Clean 21, wterein said means for biasing comprises a member 
cooperating with said body to define an air-fOled chamba. 

24. The medical valve in eccordance with Cl^ 21, wherein said means for biasing comprises an air-fited 

member. 

25. The medical vahre in accordance with Claim 8, furtha inchiding a diaphr^ positioned within said 

cavity. 
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26. The medical vaive in accordance with Clam 25, whereby said diaphragm divides said cavity into a first 
chamber and a second chamber, and further inchtding a vent extmling through said body to said second chamber. 

27. A medical vahre for controlling the flow of fluid between a fvst mesfical implement and a second 
meifical implement, sad valve comprising a body having a cavity in communication with said second medical imptement mid 
an opening adapted to receive said first medical enpiement and a seal positioned wtthm said body and movable betwwi a 
first position in which said seal prevents f lud flow throiqh said body and a second position in which Mi flow is permitted 
through said body, said vrive itefin'mg a fluid space and further inchnfing means connected to said body for reducing the 
fluid space within said vahre when s»d first meiical implement is discimnected. 

28. The meifical vahre in accordance with Clam 27, wherein ssid means comprises an expanifing resiient 
closed-ceH member. 

29. The medical vdve in accordance with Claim 27, wherein said means comprises a piston. 

30. The medical valve in eccordance with Claim 27, whmin said means comprises an atr*filled bladder. 

31 . The medical vahre m accordance with Claan 30, wherein a vent ieeds through said body to snd bladder. 

32. The nodical v^ in accordance vvith Claim 27, wherein said means compri^ 

33. The medicd vahre m eccordance vvith Claim 29, vtfherem said piston has a p 

34. The medicd vahre in accordance with Claim 27, wherem saM opening is positionni at a fast end of seid 

body. 

35. The mednad valve in accordance with CMm 34, wheron said seal is positioned near said first end of 
said body end said cavity is defined by said body and smd seal 

36. The medicd valve in accordance with Claim 27, wherein sad means is positioned vnttan said cavity. 

37. The meificai valve in accordance with Clam 36, wherein said means ifivides seid cavity into at least a 
first and a second chamber. 

36 The medicel vahre in acccffdance with Claim 37, wherein one of ssid first or second chambers is air- 

filted. 

3a A medical vahre for contndGiq the flow of fluid between a first medical impiemoit teading to a first site 
and second medteal implement leading to a second site, said vahre comprising a body having a cavity, said body having a 
first port for connection to said first medical implement and having a second port adapted to recehre said second medmel 
tmplemait a seal connectai to said body and movable between a first position in winch said seal obstructs f had flow 
through said body between said ports, and a second position in which f had flow is pemiitted through said body, said vahre 
defining a f hiid space between said ports and further mchiding means positioned within said body for reducing said fliud 
space witMn sad vahre when one of said medicai imptaments is disconnected. 
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